Abstract: This paper investigated the impact of asymmetric preference on travelers' route choices. Firstly, a status quo-dependent route choice mode was developed to describe travelers' route choices. Then, based on that model, a route choice experiment was conducted, and during the experiment, participants were requested to choose a route from two arbitrary non-dominated routes. Finally, according to the observation data, data analysis and model parameter estimation were conducted. The results show that participants used different measures to trade off travel cost and travel time. Additionally, there was a gap between most participants' willingness to pay (WTP) and willingness to accept (WTA). Moreover, participants' WTP greater than their own WTA was the key reason resulting in the inertial route choices. The empirical results in this paper can help the traffic manager to understand travelers' inertial route choice behavior from a different perspective.
Introduction
Travelers' route choice behaviors have been researched for many years. Traditionally, it was assumed that all travelers would choose the routes with the shortest travel time [1] . However, in reality, this assumption is very restrictive, because it ignores travelers' cognitive limitations and intrinsic preferences [2] [3] [4] . Moreover, many empirical studies have shown that travelers do not always choose the shortest routes [5] [6] [7] . Simon [8] indicates that people are boundedly rational, which means sometimes they prefer a satisfactory choice to an optimal one. Based on the concept of bounded rationality, Mahmassani and Chang [9] introduced the concept of the indifference band to study travelers' boundedly rational departure time choices. Lou et al. [10] further encapsulated the indifference band into route choice modeling and proposed a boundedly rational route choice model, which addressed the limitation on travelers' knowledge of traffic conditions and their capability of finding the best available routes. In their boundedly rational route choice model, travelers would not necessarily switch to the shortest route when the time (or cost) difference between the current route and the shortest one was lower than an inertia threshold. Zhao and Huang [11] applied the concept of aspiration level to investigate travelers' boundedly rational route choice behavior and found that travelers can only obtain the actual travel times of the chosen routes and are enabled to recognize the best routes.
The boundedly rational behavior in travel choice describes the facts that travelers will not always choose the routes with the shortest travel time. There are various causes raising such behavior, one of which is inertial choice. In fact, the term "inertia" was first mentioned in Newtonian physics, and it 
The Status Quo-Dependent Route Choice Model
For the convenience of readers, the symbols used in this section are summarized as follows:
the set of feasible routes for a given origin-destination (OD) pair w r the index for a route r ∈ R w j the index for a route j ∈ R w \r Considering two arbitrary non-dominated routes r and j, r, j ∈ R w , w ∈ W, without loss of generality, it is assumed that t w r ≤ t w j and τ w r ≥ τ w j . For the travelers on route r, the status quo-dependent travel utility by changing to path j is calculated as Equation (1) . 
As indicated by Equations (1) and (2), travelers on route r would not change to route j if the potential improvement of monetary cost is not great enough (i.e., less than or equal to the right-hand-side value), and the coefficient λ 1 η 1 /η 2 in Equation (2) is equal to the travelers' willingness to accept (WTA).
On the other hand, for the travelers on route j the status quo-dependent travel utility by changing to route r, is calculated as Equation (3) . 
where U c w j , c w r is the status quo-dependent travel utility for the travelers on route j, with c w j representing the status quo and c w r the alternative. Parameter λ 2 is the travelers' loss aversion coefficient of the monetary cost. Travelers on route j would suffer a smaller monetary cost, but they would get a larger cost in the aspect of travel time and travelers would stick to route j if and only if the inequality U c w j , c w r ≤ 0 holds. Otherwise, travelers on route j will change to route r. In addition, U c w j , c w r ≤ 0 holds if and only if
As indicated by Equations (3) and (4), travelers on route j would not change to route r if the increase in monetary cost is greater than or equal to the right-hand-side value, and the coefficient η 1 /λ 2 η 2 in Equation (4) is equal to the travelers' willingness to pay (WTP). Then, based on the above analysis, a route choice experiment will be conducted in the following section to verify travelers' inertial route choices that resulted from asymmetric preference.
Experiment Design
The experiment was carried out in the laboratory of the School of Engineering and Management, Nanjing University, in November 2016. We used the z-Tree as our experimental platform [39] to deal with the inputs of all participants' route choices. Next, we will introduce in detail the participants, experimental design, and procedure in the experiment.
Participants
In total, 30 participants-12 females and 18 males-were recruited from Nanjing University, and all of them had never participated in a similar experiment. Participants were required to make route choice decisions for a total of 120 test rounds, according to the experimental settings and procedures. During the experiment, participants were not allowed to have any interaction with others.
Experimental Design
The experimental design included three travel scenarios reflecting three different levels of travel time-short, middle, and long. In each of the scenarios, there were two non-dominated routes, e.g., Route 1 and Route 2, and the route's status quo is characterized by (t r , τ r ). During the experiment, participants needed to choose one's routes as their travel route, and in each scenario, participants would make route choices for 40 test rounds. Since we focused on travelers' route choice behaviors in this study, thus, the interaction between travelers and the collective effect of travelers' behavior on congestion are not considered in the experiment design. Tables 1 and 2 show the design of travel time and travel cost of two routes in the experiment. Figure 1 shows the experimental design steps. As shown in Figure 1 , for a participant, at the initial stage of the experiment they needed to input their answers for "if the travel time can save 10 min, how much you willing to pay", "if the travel time can save 25 min, how much you willing to pay", and "if the travel time can save 45 min, how much you willing to pay". Then, based on the three inputted answers, we can calculate the values of Tables 1 and 2 3 2 ) . Note that in Tables 1 and 2 the parameters α i n and β i k (i = 1, 2, 3) are constants, which are appended to the monetary 
Procedure
Participants were invited to participate in the experiment at the University laboratory, and each participant was seated separately in front of a computer screen displaying the simulation. In order to encourage realistic behavior, participants were asked to imagine that they were commuters and driving to the workplace. The monthly salary was three times of their school living expenses. They were also informed that from the home to the workplace there were two routes that could be chosen. One route's travel time was larger than another route's travel time, but the travel money cost was smaller. For example, Route 1 was a congested road but toll-free, thus the monetary travel cost on Route 1 only consisted of an emission fee, and vehicle operating cost; Route 2 was a toll road but not congested, thus the monetary travel cost on Route 2 consisted of a congestion toll, emission fee, and vehicle operating cost. Note that in the cases of WTA, although a constant 
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The task included making a series of 120 consecutive route choices. Each test round represented a working day and participants were asked to make daily route choices while driving from home to workplace. Moreover, before the experiment, participants were requested to complete a post-task questionnaire that enquired about their loss aversion of the time cost and the monetary cost. The experimental steps are specified as follows: The task included making a series of 120 consecutive route choices. Each test round represented a working day and participants were asked to make daily route choices while driving from home to workplace. Moreover, before the experiment, participants were requested to complete a post-task questionnaire that enquired about their loss aversion of the time cost and the monetary cost. The experimental steps are specified as follows:
(1) At the initial time, each participant needed to input the answers about their WTP, i.e., how much you are willing to pay if travel time can save 10 min; how much you are willing to pay if travel time can save 25 min; and how much you are willing to pay if travel time can save 45 min.
(2) During the experiment, in each test round, participants needed to choose one route from two non-dominated routes as their travel route, as can be seen in Figure 2 . However, in order to reduce participants' arbitrary choices as made by the continuous choice under the same scenarios, the three choice scenarios alternated at the computer screen. Moreover, the interval time between each test round was one minute. (3) The experiment ended, and each participant received a small gift as a show-up fee.
Results and Discussion

The Values of Participants' WTP and WTA
Based on the experimental data, the values of participants' WTP and WTA can be calculated. Note that the WTP refers to the value of a unit time saving in the case of loss in monetary cost, and WTA refers to the monetary compensation a traveler requires to agree to a unit travel time increase. Thus, in the experiment, the participants' WTP and WTA can be calculated as shown in Figure 3 . It is worth mentioning that, for some participants, their initial stated WTP was different from the experimental WTP, in other words, this means that the result of the report is not equal to the result of the action. Considering the action result can better reflect participants' psychological index of decision-making, therefore, the experimental WTP and WTA were used in this paper. Figure 4 shows the calculation results. It clearly shows that for most participants, their WTP was smaller than WTA in all of three travel scenarios. This means that for these participants, the monetary compensation for the value of unit travel time increasing is larger than the monetary payment for the same value of unit travel time saving. Moreover, the test of null hypothesis shown in Table 3 suggests that the value of WTP is not equal to the value of WTA. (1) At the initial time, each participant needed to input the answers about their WTP, i.e., how much you are willing to pay if travel time can save 10 min; how much you are willing to pay if travel time can save 25 min; and how much you are willing to pay if travel time can save 45 min. (2) During the experiment, in each test round, participants needed to choose one route from two non-dominated routes as their travel route, as can be seen in Figure 2 . However, in order to reduce participants' arbitrary choices as made by the continuous choice under the same scenarios, the three choice scenarios alternated at the computer screen. Moreover, the interval time between each test round was one minute. (3) The experiment ended, and each participant received a small gift as a show-up fee.
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The Values of Participants' WTP and WTA
Based on the experimental data, the values of participants' WTP and WTA can be calculated. Note that the WTP refers to the value of a unit time saving in the case of loss in monetary cost, and WTA refers to the monetary compensation a traveler requires to agree to a unit travel time increase. Thus, in the experiment, the participants' WTP and WTA can be calculated as shown in Figure 3 . It is worth mentioning that, for some participants, their initial stated WTP was different from the experimental WTP, in other words, this means that the result of the report is not equal to the result of the action. Considering the action result can better reflect participants' psychological index of decision-making, therefore, the experimental WTP and WTA were used in this paper. Figure 4 shows the calculation results. It clearly shows that for most participants, their WTP was smaller than WTA in all of three travel scenarios. This means that for these participants, the monetary compensation for the value of unit travel time increasing is larger than the monetary payment for the same value of unit travel time saving. Moreover, the test of null hypothesis shown in Table 3 suggests that the value of WTP is not equal to the value of WTA. [33] . Thus, in the experiment, the asymmetric preference exists in participants' route choices. In addition, for the average values of the WTP, there is . This result indicates that with the increase of the travel time, participants were willing to pay more to save travel time. Then, in order to explain the impact of asymmetric preference on participants' inertial route choices, in the following subsection, participants' route choice behaviors will be analyzed.
Influence of Asymmetric Preference on Participants' Route Choices
Since in the experiment, many participants' < WTP WTA or > WTP WTA , the impact of asymmetric preference on participants' route choices will be discussed with the two cases, i.e., 2 ), they should switch to Route 1 when its travel monetary cost is 5.5. However, in fact, Participant 2 continues to choose Route 2 until Route 1′s travel monetary cost is 4. Moreover, for Participant 2 (even those other participants whose WTP was smaller than WTA), similar phenomena can be found in the other two scenarios. Therefore, when the participants' WTP was smaller than WTA, the asymmetric preference can make them stick to the current routes until one alternative route's monetary cost is enough to tempt them to choose. This analysis result verifies that asymmetric preference (i.e., < WTP WTA ) can lead travelers to make inertial choices (e.g., stick to the current route). However, regardless of WTP < WTA or WTP > WTA, this result confirms that participants use different measures to distinguish the value of time, rather than constant substitution between money and travel time [33] . Thus, in the experiment, the asymmetric preference exists in participants' route choices. In addition, for the average values of the WTP, there is WTP 1 < WTP 2 < WTP 3 (i = 1, 2, 3 represents Scenario 1, Scenario 2, and Scenario 3). This result indicates that with the increase of the travel time, participants were willing to pay more to save travel time. Then, in order to explain the impact of asymmetric preference on participants' inertial route choices, in the following subsection, participants' route choice behaviors will be analyzed.
Since in the experiment, many participants' WTP < WTA or WTP > WTA, the impact of asymmetric preference on participants' route choices will be discussed with the two cases, i.e., WTP < WTA and WTP > WTA. 2), they should switch to Route 1 when its travel monetary cost is 5.5. However, in fact, Participant 2 continues to choose Route 2 until Route 1 s travel monetary cost is 4. Moreover, for Participant 2 (even those other participants whose WTP was smaller than WTA), similar phenomena can be found in the other two scenarios. Therefore, when the participants' WTP was smaller than WTA, the asymmetric preference can make them stick to the current routes until one alternative route's monetary cost is enough to tempt them to choose. This analysis result verifies that asymmetric preference (i.e., WTP < WTA) can lead travelers to make inertial choices (e.g., stick to the current route). However, in fact, Participant 10 switches to Route 2 when its travel monetary cost is 11. On the other hand, assuming that if Participant 10's WTA equals WTP (i.e., WTA = WTP= 0.47 ), they should switch to Route 1 when its travel monetary cost is 2.5. However, in fact Participant 10 switches to Route 1 when its travel monetary cost is 4.2. Moreover, for another two participants, similar phenomena can be found in the other two scenarios. Therefore, when participants' WTP was larger than WTA, the asymmetric preference can make them tend to choose a route with the shortest travel time. Moreover, for another two participants, similar phenomena can be found in the other two scenarios. Therefore, when participants' WTP was larger than WTA, the asymmetric preference can make them tend to choose a route with the shortest travel time. However, in fact, Participant 10 switches to Route 2 when its travel monetary cost is 11. On the other hand, assuming that if Participant 10's WTA equals WTP (i.e., WTA = WTP= 0.47 ), they should switch to Route 1 when its travel monetary cost is 2.5. However, in fact Participant 10 switches to Route 1 when its travel monetary cost is 4.2. Moreover, for another two participants, similar phenomena can be found in the other two scenarios. Therefore, when participants' WTP was larger than WTA, the asymmetric preference can make them tend to choose a route with the shortest travel time. The above analysis results suggest that when participants' WTP is smaller than WTA, the asymmetric preference can make them stick to the current routes. Next, based on the observation data, the parameters 1 λ , 2 λ , 1 η , and 2 η in Xu's [4] status quo-dependent route choice model will be estimated.
Model Parameters Estimation
Estimation of 1 λ and 2 λ
The cumulative prospect theory (CPT), which was proposed by Tversky and Kahneman [40] , is a valid utility measurement system. Many researchers used CPT to study individual's risk attitude and choice behavior under uncertainty over the past years. Xu et al. [41] developed a general travel decision-making rule utilizing CPT to investigate travelers' risk attitudes and route choice behaviors under uncertainty. Zhang et al. [42] , based on the CPT, developed a day-to-day route-choice learning model with friends' travel information. Therefore, in this subsection, the The above analysis results suggest that when participants' WTP is smaller than WTA, the asymmetric preference can make them stick to the current routes. Next, based on the observation data, the parameters 1 λ , 2 λ , 1 η , and 2 η in Xu's [4] status quo-dependent route choice model will be estimated.
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The cumulative prospect theory (CPT), which was proposed by Tversky and Kahneman [40] , is a valid utility measurement system. Many researchers used CPT to study individual's risk attitude and choice behavior under uncertainty over the past years. Xu et al. [41] developed a general travel decision-making rule utilizing CPT to investigate travelers' risk attitudes and route choice behaviors under uncertainty. Zhang et al. [42] , based on the CPT, developed a day-to-day route-choice learning model with friends' travel information. Therefore, in this subsection, the The above analysis results suggest that when participants' WTP is smaller than WTA, the asymmetric preference can make them stick to the current routes. Next, based on the observation data, the parameters λ 1 , λ 2 , η 1 , and η 2 in Xu's [4] status quo-dependent route choice model will be estimated.
Model Parameters Estimation
Estimation of λ 1 and λ 2
The cumulative prospect theory (CPT), which was proposed by Tversky and Kahneman [40] , is a valid utility measurement system. Many researchers used CPT to study individual's risk attitude and choice behavior under uncertainty over the past years. Xu et al. [41] developed a general travel decision-making rule utilizing CPT to investigate travelers' risk attitudes and route choice behaviors under uncertainty. Zhang et al. [42] , based on the CPT, developed a day-to-day route-choice learning model with friends' travel information. Therefore, in this subsection, the cumulative prospect theory (CPT) was applied to measure participants' risk attitudes, i.e., loss aversion of travel time and travel monetary cost. Without loss of generality, let x 0 define a reference point in the outcome domain, and the value function can be defined as Equation (5), and the weighting function can be defined as Equation (6) .
where the parameters α ≤ 1, β ≤ 1 measure the degree of the diminishing sensitivity to change in both directions from the reference point x 0 , parameter λ ≥ 1 captures the degree of loss aversion, parameters 0 < γ < 1 reflect the level of distortion in the probability judgment. p i is the probability of an outcome x i . Figure 11 illustrates the value function and the weighting function. Suppose an alternative denoted by the pair (x; p) is composed of m + n + 1 possible outcomes x −m < · · · < x 0 < · · · < x n with probabilities p −m , · · · , p n , respectively. Then, the cumulative decision weights are defined as follows:
Accordingly, the CPT value of (x; p) can be calculated by Equation (9) .
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the trip with c 1 more costs (Yuan, Chinese currency), a probability of p 2 % to accomplish the trip with c 2 more costs, and a probability of 1 − p 1 % − p 2 % with no extra costs.
The route choice preferences of participants between A and B are shown in Table 4 . The route choice preferences of participants between R and S are shown in Table 5 . Then, based on the survey data in Tables 4 and 5 , the values of parameters λ 1 and λ 2 can be estimated using the least squares method and the cumulative squared residual can be given by following Equations (10) and (11), respectively:
where A% is the proportion of choosing Route A in case k, P(A k > B k ) is the probability that Route A is more valuable than Route B in case of k, and P(A k > B k ) can be given by Equation (12) . R% is the proportion of choosing Route R in case of k, P(R k > S k ) is the probability that Route R is more valuable than Route S in case k, and P(R k > S k ) can be given by Equation (12) . Here, U(·) is the route's cumulative prospect value and it can be calculated by Equation (9) .
P(R k > S k ) = 1 1 + exp(U(S k ) − U(R k )) (13) Note that in this paper, the value of parameter δ is set as 0.74, which was estimated by Wu and Gonzalez [43] . Participants' perception errors of the cumulative prospect value are assumed to follow the independent and identical Gumbel distributions. Then, based on these settings, the estimation values of β 1 is 0.35 and λ 1 is 1.41 in Scene 1; β 2 is 0.23 and λ 2 is 1.26 in Scene 2.
Estimation of η 1 and η 2
Until now, we have estimated the values of parameters λ 1 and λ 2 , associated with the CPT-based utility measurement system. Specifically, λ 1 = 1.41 and λ 2 = 1.26. With them, based on the experimental data, we used the least squares method to estimate the values of parameters η 1 and η 2 . Data of three thousand and six hundred observations of 30 participants were used. Table 6 presents the estimation results. As shown in Table 6 , the estimation values of all parameters are positive and significant. Based on the estimation values of λ 1 , λ 2 , η 1 , and η 2 , participants' WTP (i.e., η 1 /λ 2 η 2 ) and WTA (i.e., λ 1 η 1 /η 2 ) can be calculated. Table 5 also shows the results of the calculation. As shown in Table 6 , there is WTP 1 < WTP 2 < WTP 3 and WTA 1 < WTA 2 < WTA 3 (i = 1, 2, 3 represents Scenario 1, Scenario 2, and Scenario 3). These results are consistent with the aforementioned data analysis. Moreover, the calculation results of WTP < WTA for three scenarios further explain that the asymmetric preference exists in participants' route choices.
Conclusions
In this research, a route choice experiment was conducted to investigate travelers' inertial route choice behaviors that resulted from asymmetric preference. Through data analysis, we can confirm that in the experiment participants used different measures to distinguish the value of time rather than constant substitution between money and travel time. Additionally, asymmetric preference significantly exists in participants' route choices. Especially, for most participants, their WTP was smaller than WTA, and this makes them stick to the current route until one alternative route's monetary cost is enough to tempt them to choose.
The value of this study lies in verifying travelers' inertial route choices that resulted from asymmetric preference and estimating the values of parameters in Xu's [4] status quo-dependent route choice model. Moreover, by considering the asymmetric preference, we can explain why some travelers stick to a toll lane, even when there is an alternative road that is slightly better. However, there are some limitations in our experimental design. Firstly, we used the questionnaire survey data of 30 participants to estimate the values of parameters λ 1 and λ 2 . However, a behavioral experiment is needed to collect individuals' route-choice data to estimate the values of parameters λ 1 and λ 2 . Secondly, as noted earlier, our experimental design was conducted with a lack of interaction between the participants' choices. Thus, there is meaningful reason for designing a behavioral experiment, and to incorporate the asymmetric preference into traffic equilibrium modeling. 
